Investigation on REE Transported by Airborne Dust and Deposited on Vegetation  by Cidu, Rosa et al.
 Procedia Earth and Planetary Science  7 ( 2013 )  69 – 72 
1878-5220 © 2013 The Authors. Published by Elsevier B.V.
Selection and/or peer-review under responsibility of the Organizing and Scientific Committee of WRI 14 – 2013
doi: 10.1016/j.proeps.2013.03.136 
Water Rock Interaction [WRI 14] 
Investigation on REE transported by airborne dust and 
deposited on vegetation 
Rosa Cidu*a, Riccardo Biddaua, Livia Vittori Antisarib 
aUniversity of Cagliari, Dipartimento di Scienze Chimiche e Geologiche, via Trentino 51, 09127 Cagliari, Italy 
bUniversity of Bologna. Dipartimento di Scienze e Tecnologie Agroambientali, via Fanin 44, 40127 Bologna, Italy 
Abstract 
The occurrence of rare earth elements (REE) and the characterization of processes that control their migration in the 
water-soil-vegetation system were investigated in the Pineta San Vitale (Ravenna, Italy). In order to evaluate the 
potential REE contribution from the atmosphere, 17 vegetation samples (ivy leaves) were submitted to leaching tests 
using acidulated water as a proxy of rainwater. The REE leached from leaves were in the range of 0.5 to 10 μg/kg 
ΣREE, suggesting a significant atmospheric contribution to the water-soil system. Patterns of REE leached from 
leaves were nearly flat, and values of enrichment factors close to one, possibly indicating a dominant geogenic source 
of atmospheric REE in the studied area. 
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1. Introduction and study area 
The abundance of rare earth elements (REE, La to Lu) in the upper continental crust (UCC) is 148 mg/kg 
ΣREE [1]. Global REE production increased significantly in last decades owing to industrial and high-
tech applications [2]. Diffused uses of REE, as well as fertilizers in agriculture (natural phosphates may 
contain 0.1 to 1% ΣREE, [3]) may led to significant release of REE to the environment. Indeed, REE 
increases were observed in urban areas, due to anthropogenic [4] and geogenic emissions [5]. 
Toxicological investigations suggest that REE may have adverse effects on biota [6]. This study was 
aimed at investigating the occurrence of atmospheric REE in the Pineta San Vitale area (Ravenna, Italy), 
a complex lagoon system close to the Adriatic Sea (Fig. 1). This area is affected by subsidence, 
groundwater salinization and industrial contamination [7]. Hence, dry and wet deposition of organic 
and/or inorganic compounds might occur, leading to accumulation in the soil and vegetation.  
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Fig. 1. Map showing the Pineta San Vitale area and the location of vegetation sampling sites 
 
Climate is typical of coastal Mediterranean environments, with about 600 mm of annual rainfall, and 
annual mean temperature of about 13 °C. Vegetation is characterized by the presence of umbrella pines, 
white poplars, maritime pines and oaks; the brushwood is rich in ivy, common hawthorn, and dog rose. 
2. Methods 
In March 2010, vegetation (ivy leaves) samples were collected at 8 sites in the Pineta San Vitale (11 
samples), in a nearby farm (ITAS: 2 samples) and in the public garden downtown Ravenna (4 samples) 
(Fig. 1). The leaves were collected into polyethylene bags and stored at 4 °C. In the lab, 50 g of leaves 
were washed with 500 ml of acidulated water (0.01 M HCl, used as a proxy of rain water), shaking for 
few minutes. The solution was filtered, reduced to 100 ml final volume, and then acidified to 1% HNO3 
suprapure grade. Major components were determined by ICP-OES, trace elements and the REE by ICP-
MS with the desolvation system Apex-Q [8].  
3. Results 
Total amounts of REE in the Pineta San Vitale soil samples are similar to UCC values. REE in the 
groundwater samples (up to 1.3 µmol/l ΣREE) do not depend on the saline intrusion, but appear largely 
controlled by processes occurring in the water-soil system. In particular, the organic matter appears 
effective in controlling REE patterns in soil solutions, because they may compete with REE in forming 
aqueous organic complexes [9]. Also, inorganic colloids may affect REE patterns in the aqueous fraction 
<0.4 µm, probably via adsorption processes onto fine particles [9]. 
Results on leave samples submitted to washing tests may be regarded as indicative of atmospheric 
inputs. Major elements in the leachate are Ca (mean 80 mg/kg), and K, Si, Mg, Na, Al, P, Fe, Mn and Zn 
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(mean ranges 10 to 1 mg/kg). The REE leached from leaves collected in the study area are in the range of 
0.5 to 10 μg/kg (mean value 2.9 μg/kg ΣREE) and leached Y is in the range of 0.1 to 2.1 μg/kg. Summary 
statistics of REE leached from the leave samples are reported in Table 1.  
Table 1. REE concentrations (ng/kg = ppt) deposited on leaves submitted to leaching tests. 
 San Vitale n=11 Ravenna n= 4 ITAS n = 2 
 mean min max mean min max min max 
La 830 110 4000 430 210 790 990 1700 
Ce 1100 210 3000 800 360 1600 2000 3500 
Pr 130 23 400 90 42 180 240 420 
Nd 440 79 1400 330 150 650 870 1580 
Sm 90 17 270 57 29 110 140 250 
Eu 26 6 73 17 8 33 45 80 
Gd 81 15 260 58 32 110 150 250 
Tb 14 2 44 10 5 17 22 44 
Dy 75 12 240 54 35 97 130 270 
Ho 16 3 52 12 8 20 29 57 
Er 43 6 130 41 23 73 87 210 
Tm 6 1 20 5 3 9 9 26 
Yb 38 6 110 34 20 54 58 150 
Lu 6 1 18 5 3 9 7 24 
 
When considering results on leaves collected in the Pineta San Vitale with respect to leaves from the 
farm (ITAS) and downtown Ravenna, and taking into account the limited number of samples, differences 
among sites in REE concentrations were within the same order of magnitude (Table 1). It was observed 
that the ΣREE (mean 3 µg/kg) occur at comparable levels with respect to other trace elements, such as 
As, Cd, and Sb [9]. Notwithstanding the small number of vegetation samples, positive correlations 
between REE and Ti (R2 = 0.784), and REE and Al (R2 = 0.455) were observed, possibly indicating a 
common source. UCC-normalized REE patterns in the leachate were nearly flat [9]. 
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Fig. 2. Values of enrichment factors for selected elements and the REE 
 
Enrichment factors of individual elements (X) with respect to UCC abundances were calculated, using 
Al as the reference element (EF (X) = (X/Al)LEAF/(X/AL)UCC), to evaluate relative contributions from 
crustal and anthropogenic sources to the atmosphere. High enrichment factors (1200 to 20) were obtained 
for Sb, Zn, Cd, Mo, As, Pb and Ni (Fig. 2), likely indicating a significant contribution from anthropogenic 
sources, probably related to heavy traffic (E55 Romea road) and industrial emissions (Ravenna 
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petrochemical pole) in the study area. In contrast, EF values for each REE were close to unity (1.0 to 1.5, 
Fig. 2), suggesting a predominantly crustal source of these elements. 
The REE have been used for tracking emissions from the petrochemical industry [10 and reference 
therein]. However, atmospheric REE cycling seems also affected by physical properties of airborne 
particulate matter [4], [10]. Then, it is worth pointing out that the precipitation value preceding the 
vegetation sampling period (2010) was much higher than the corresponding long-term mean precipitation. 
This might have caused significant leaching of dry depositions, especially the fine fraction, and therefore 
REE concentrations leached from leaves might represent underestimated values with respect to REE 
contents deposited on vegetation. 
4. Conclusions 
In the Pineta San Vitale area, effective deposition of REE on vegetation was observed, so atmospheric 
deposition might represent an important source for REE in the water-soil system. The results suggest a 
dominant geogenic origin of REE deposited on vegetation in the Pineta San Vitale. However, further 
investigations on the properties of airborne particulate matter, as well as seasonal variations in 
atmospheric deposition, are required. 
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